The present studies were conducted in 1999-2001 in three apple orchards differing from each other by the system of cultivation, the type of agricultural treatments and chemical control of pests. Their purpose was to monitor codling moth (Cydia pomonella L.) in different types of apple orchards using pheromone traps, finding out the relation between the occurrence of moths and the sum of effective temperatures as well as determining the number of wintering caterpillars of this species with the use of bands of corrugated paper. The analysis of male flight of codling moth on the basis of pheromone traps makes it possible to state the occurrence of two generations in each studied year. The maximum population of the first generation was observed in the second or third ten days of June, while that of the second generation in the first ten days of August. The moths flight began when the sum of effective temperatures was 109.2-145.2°C, and the mean diurnal temperature was 12.3-17.2°C.
INTRODUCTION
Long term of observations point out that the population of codling moth (Cydia pomonella L.) and the done damage by this pest undergo considerable changes (Suski and Niemczyk 1985) . It is a species characterized by a very wide range of occurrence, which results in its development and biology varying in particular habitats.
In recent years the population of codling moth increased in particular orchards. This is a consequence of a limited use of insecticides against this species as well as insecticides with a wide spectrum of efficacy. This also resulted from meteorological conditions, namely fairly mild winters favouring overwintering of caterpillars (Płuciennik and Olszak 1996; Płuciennik 2000) , and warm summers (when the temperature in the evening and at night during the moths' flight was lower than 15°C) which made the development of the second generation of this species possible (Kozłowski 1993) .
The purpose of the present paper was to monitor C. pomonella in different types of apple orchards using pheromone traps, settling the relation between the occurrence of moths and the sum of effective temperatures as well as determining the population of wintering forms of this species with the use of bands of corrugated paper.
MATERIALS AND METHODS
The studies were conducted in three apple orchards in the vicinity of Lublin in 1999-2001. The fact that particular objects were not too distant from each other ensured comparability of meteorological conditions occurring in the area of the studied orchards. Particular apple orchards differed from each other by the system of cultivation, the type of agricultural treatments and chemical control of pests.
The orchard in Leonów (site 1), which was not chemically protected and its area was about 5 ha, a commercial orchard with semi-dwarf plantings till 1993. Since then, no plant protection treatments or fertilization were there appued. Cultivated fields are situated around this orchard.
The orchard in Motycz (site 2), which had a limited program of protection and the area of about 2 ha, included semi-dwarf trees with a double row system. In this object chemical protection was applied at the moment when the population of the pest increased to the harmfulness threshold. In each year, 2-3 treatments using insecticides were applied [Owadofos 540 EC (fenitrotion 540 g/l), Decis 2.5 EC (deltametryna 2.5%), Zolone 35 EC (fosalon)]. This orchard borders with fallow land and another apple orchard.
An intensively protected orchard in Jastków (site 3), of the area about 2 ha, includes plantings arranged vertically as spindle bushes and attached to an individual post. In each year, 5-6 treatments of plant protection using insecticides were applied [Sumithion 500 EC (fenitrotion 500 g/l), Zolone 350 EC (fosalon), Owadofos 540 EC (fenitrotion 540 g/l), Karate 0.25 EC (lambda-cyhalotryna 25 g/l), Bulldock 0.25 EC (beta-cyflutryna 25 g/l)]. This orchard borders with a cultivated field, a hop plantation and a pond.
Aiming at determining the population of overwintering caterpillars of codling moth, in June in each of the examined orchards bands of corrugated paper were at-tached around the trunks of 45 randomly chosen trees. Those bands were then taken off in September. The overwintering larvae found in the bands were placed in isolators for winter and were kept in studied orchards. In the spring moths' flights were observed.
The dynamics of the C. pomonella flight was determined on the basis of catches into pheromone traps of Delta type produced by PPH "MEDCHEM". In particular objects, one trap was hanged in the outside part of the tree crown at height of about 1.5 m above the ground. They were placed in the examined orchards just after blooming period, and next the number of caught males was checked three times a week.
On the basis of male flights observed checking pheromone traps, an attempt was made to establish the relation between their flight dynamics and the sum of effective temperatures. The sum of effective temperatures was calculated according to the formula included in Alford's et al. (1979) study:
where: T -diurnal temperature t 0 -physiological zero for given species d -number of development days of stage or generation.
The value of 10°C was adopted as the physiological zero (Kagan 1976 ). The temperatures above the physiological zero were added since 1st January of each studied year.
The results obtained from caught males to pheromone traps were submitted to a statistical analysis using the sign test for dependent observations (Stanisz 1999) .
RESULTS
Observations carried out in 1999-2001 in different types of apple orchards made it possible to state that the most C. pomonella larvae in trap bands made of corrugated paper were found in the orchard with a limited program of plant protection in Motycz (Table 1) . There, the tree trunks had bark with numerous cracks, which created good environment for overwintering larvae of this species. Nearly half as many larvae were observed in trap bands in the orchard without any chemical protection in Leonów. On the other hand, no larvae of this species were found in the intensively protected orchard in Jastków during the three years of observations.
It can be seen from table 2 that during the three years of observations in all examined orchards, the codling moth flight usually began in the third ten days of May. The end of moth flight was found out in the second or third ten days of August although in 2000 in the orchard with a limited program of plant protection and in 2001 in the orchard without any plant protection treatment, the last moths were still observed in the first days of September.
In 1999, the maximum number of the first generation in all studied experimental objects was found in the first and second ten days of June (Fig. 1) . The maximum flight of the second generation of this species was observed in the first ten days of August, and its number was remarkably smaller than that of the first generation. In 2000, codling moth occurred in small numbers in the orchard without any chemical protection in Leonów. It was found out that the second generation was more numerous than the first one and its maximum occurred during the first ten days of August. In the orchard with a limited program of plant protection in Motycz, two peaks of the maximum male of C. pomonella were observed and they occurred in the second and third ten days of June. The highest number of the second generation in that orchard occurred in the first ten days of August. In the intensively protected orchard in Jastków, the first generation of codling moth was the highest in the third ten days of June, while the second one in the first ten days of August.
In 2001, the maximum male number of C. pomonella in the orchard without any chemical protection and in the orchard with a limited protection scheme was observed in the first ten days of August, whereas in the intensively protected orchard in the second ten days of July. The second generation male flight was observed only in the orchard without chemical protection and in the orchard with a limited protection program and its maximum was stated in the second ten days of August.
It can be seen from the data in figure 1 that the flight of codling moth began when the sum of effective temperatures was 109.2°C in 1999. In the other two years of studies, the sum of effective temperatures in the period when the moths flight began was higher and it was 145.2°C in 2000, and 118.3°C in 2001. Within the three years of studies, the mean diurnal temperature during the flight of the first moths was 12.3-17.2°C.
The statistical analysis (using the sign test for dependent observations) showed that three compared apple orchards significantly differed with respect of the number of codling moth males.
DISCUSSION
The bark of trees and shrubs is place where a lot of insect species from various trophic groups overwinter. One of the phytopagous species that go through winter diapause in cracks of bark is C. pomonella. The highest number of dormant caterpillars of this species within the three years of studies was observed in the orchard with a limited program of plant protection (81 specimens), where the trees had bark with numerous cracks, which creates favourable conditions for overwintering. An equally high number of diapausing larvae of C. pomonella in the orchard with a limited protection scheme was pointed at in the studies by Jeanneret and Charmillot (1997) . In the intensively protected orchard did not occur larvae of this species in the bands of corrugated paper, which, however, does not exclude the possibility that codling moth occured in this orchard because male individuals were found in pheromone traps. Due to the occurrence of smooth-bark trees, larvae probably could have overwintered in the mulch (Razowski 1991) .
The analysis of flight dynamics of codling moth on the basis of catches in pheromone traps indicated the occurrence of this species in two generations. Most frequently, the male flight of this species began in the third ten days of May, while Stamenkovič et al. (1999) reported that in the area of Serbia the moths flight mostly began in the first half of May. The maximum number of the first generation usually fell into the second or third ten days of June, while that of the second generation into the first ten days of August. In other regions of the country, the flight dynamics of codling moth occurs at similar dates (Płuciennik 1999 (Płuciennik , 2000 .
Air temperature is an important abiotic factor directly or indirectly influencing the development, survival, number and spread of insects (Szujecki 1980) . Knowledge of the sum of effective temperatures during the first moths flight of particular species enables prognosing the dates of their occurrence in a given year.
The flight of C. pomonella males began with the sum of effective temperatures ranging from 109.2°C to 145.2°C, depending on the year of studies. In England, with the sum of effective temperatures of 150°C, about 24% were caught, and in certain cases even 50% of all males of the first generation (Cranham 1974; Alford et al. 1979) . During the three years of studies, the mean diurnal temperature during the occurrence of the first moths ranged from 12.3 to 17.2°C. The results obtained in the studies on the sum of effective temperatures and the mean diurnal temperature during the flight of the first males are similar to the data presented by Bulyginskaja and Emeljanov (1997) . 
